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Background: Preoperative radiographic examination of impacted mandibular third molars (IMTM) is essential to
prevent inferior alveolar nerve injury during extraction. The purpose of this study was to evaluate the correlation
between cone-beam computed tomography (CBCT) and digital panoramic radiography (DPR) findings in preoperative
examination of IMTM.
Methods: This retrospective study included 298 teeth in 191 individuals. The relationship between the inferior alveolar
canal (IAC) and the IMTM (buccal, lingual, interradicular or inferior), the position of the IMTM with respect to the IAC
(contact, no contact), the morphologic shape of the mandible in the IMTM region (round, lingual extended, lingual
concave), the type of IMTM (vertical, horizontal or angular) and the number of roots of the IMTM were evaluated on
CBCT images. DPR images were evaluated for the number of roots of the IMTM and for the most common
radiographic findings indicating a relationship between the IAC and the IMTM (darkening of the roots, diversion of the
IAC, narrowing of the IAC and interruption of the white line). Data were statistically analyzed with Cramer V coefficient,
Kappa statistic, chi-square and Fisher’s exact test.
Results: There was a significant difference in number of roots detected on DPR versus CBCT images. There was a
significant association between the type of IMTM and the morphologic shape of the mandible on CBCT images.
Darkening of the roots and interruption of the white line on DPR images were significantly associated with the
presence of contact between the IMTM and the IAC on CBCT images.
Conclusions: Panoramic radiography is inadequate, whereas CBCT is useful to detect multiple roots of IMTM. When
darkening of the roots and interruption of the white line are observed on panoramic images, there is increased
likelihood of contact between the IMTM and the IAC. CBCT is required in these cases.
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Inferior alveolar canalBackground
Extraction of impacted mandibular third molars (IMTM)
is a routine procedure in oral surgery, with several pos-
sible postoperative complications [1]. The most common
complications are injury to the inferior alveolar nerve
(IAN) or to the lingual nerve, dysesthesia and lingual
fracture of the mandible [2-4]. The incidence of tempor-
ary IAN injury related to extraction of IMTM varies* Correspondence: drilkaypeker@gmail.com
1Department of Dentomaxillofacial Radiology, Gazi University Faculty of
Dentistry, 82. Sok No: 4 06510, Emek-Ankara, Turkey
Full list of author information is available at the end of the article
© 2014 Peker et al.; licensee BioMed Central L
Commons Attribution License (http://creativec
reproduction in any medium, provided the or
Dedication waiver (http://creativecommons.or
unless otherwise stated.from 0.4% to 9.4% [5-8]. In contrast, the rate of perman-
ent IAN injury is reported to be less than 1% [9]. Factors
that increase the risk of nerve damage include close
proximity between the third molars and the inferior
alveolar canal (IAC) and the presence of direct contact
between the tooth roots and the IAN [10-12]. Some
authors have reported that the most important factor
for IAN injury is the anatomical relationship between
the impacted third molar and the IAC [13,14]. Add-
itionally, it has been reported that factors such as sur-
geons’ experience, operative procedures, institutionaltd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain
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affect the likelihood of IAC damage [8,15].
Accurate assessment of the relationship between the
IMTM and the IAC before surgery is necessary to avoid
IAN injury [16]. Panoramic radiography is frequently
used as the standard diagnostic imaging method for this
purpose in clinical practice [17]. In many cases, pano-
ramic images are sufficient for preoperative assessment
of IMTM; however, this technique cannot provide any
information about the buccolingual direction [18]. As-
sessment of the buccolingual direction is very important
for cases in which the IMTM and the IAC are in close
proximity [18,19]. Three-dimensional (3D) imaging with
conventional computed tomography and cone-beam com-
puted tomography (CBCT) is recommended in these
cases to detect the exact relationship [18].
CBCT was developed for dentomaxillofacial imaging
because it produces a lower radiation dose with high
spatial resolution, is affordable and requires less space
than conventional computed tomography [17-20]. Previ-
ous studies have reported that CBCT is more accurate
than conventional methods such as panoramic radiog-
raphy for determining the relationship between impacted
third molars and the IAC [17,21-24].
This study provides information to assist clinicians in
deciding when CBCT is required in the preoperative
examination of IMTM. The study’s purpose was to de-
scribe and evaluate the correlation between CBCT and
digital panoramic radiography (DPR) findings in detect-
ing the number of roots of IMTM and the relationship
between panoramic signs and the presence of contact
between the IMTM and the IAC.
Methods
Patients
This retrospective study was approved by the Ethical Board
of the Institutional Ethics Committee of Ankara University
Faculty of Dentistry (Ankara, Turkey). Informed consent
was obtained from all volunteers. This study included 298
teeth in 191 individuals applied to our clinic between
January 2011 and October 2013. The patients under-
went preoperative radiographic examination to evalu-
ate the relationship between IMTM and the IAC. IMTM
associated with any pathology such as cysts or tumors
were excluded from the study.
Imaging
DPR images were obtained using a Veraviewpocs 2D unit
(J. Morita Mfg. Corp., Kyoto, Japan), operating at 60–90
kVp, 1–10 mA, with a 0.5 mm focal spot and an exposure
time of 7.4 seconds. CBCT images were obtained using a
Promax 3D unit (Planmeca Oy, Helsinki, Finland), operat-
ing at 84 kVp, 9–14 mA, with a 0.16 mm voxel size, an
exposure time of 6 seconds and a field of view of 8 cm.Image evaluation
DPR and CBCT images were evaluated independently by
two oral radiologists with at least 2 years of experience
on the computer monitor (21 inch LCD monitor with
1280 × 1024 resolution) in a quiet room with subdued
ambient lighting. The observers were allowed to ma-
nipulate the contrast and brightness features and to use
the software’s zoom tool. Because this was a retrospect-
ive study and the patients had been scanned with stand-
ard settings, the dataset could not be reoriented as
suggested by Lübbers et al., who reported that oblique
plane scanning, which needs a small number of slices
with a relatively small volume, can be helpful if the
IAC is difficult to visualize [19,25]. After 30 days, all
images were re-evaluated by the same two observers.
The number of tooth roots (1, 2, 3 or 4) was evaluated
on DPR and CBCT images. Roots were considered to be
separate when the furcation was located in the cervical
or middle third of the roots [22]. The relationship be-
tween the IMTM and the IAC was evaluated on pano-
ramic images according to criteria established by Rood
and Shehab [26]. In the present study, the most common
radiographic findings (darkening of the roots, diversion
of the mandibular canal, narrowing of the mandibular
canal and interruption of the white line) were examined
as previously described by Szalma et al. [27].
IMTM were classified into three types based on their
orientation on cross-sectional slices of CBCT images: type
A, vertical (impacted teeth oriented in an upright position,
90° to the mandible); type B, horizontal (impacted teeth
oriented parallel to the mandible); and type C, angular
(teeth angled in a forward/backward position or < 90° to
the mandible) [21]. The buccolingual relationship between
the IMTM and the IAC was classified as buccal, lingual,
interradicular or inferior [23]. The position of the IAC
with respect to the third molar was classified as contact
(no bone between the IAC and the third molar) or no
contact (bone between the IAC and the third molar). The
morphologic shape of the bone in the third molar region
was classified as: type 1, round (round on both buccal and
lingual sides); type 2, lingual extended (slightly straight on
the buccal side with a bony extension on the lingual side);
and type 3, lingual concave (lingual concave on the lingual
side and round on the buccal side) [21].
Data analysis
Obtained data were statistically analyzed with descriptive
statistics, Cohen’s Kappa statistic, chi-square and Fisher’s
exact tests. The Cramer V coefficient was calculated for
intraobserver agreement and Cohen’s Kappa statistic was
used to assess interobserver agreement. These methods
were interpreted as follows: less than or equal to 0.40,
poor agreement; 0.40–0.59, moderate agreement; 0.60–
0.74, good agreement; 0.75–1.00, excellent agreement.
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ated by chi-square and Fisher’s exact tests, with a signifi-
cance level of p < 0.05.
Results
The study comprised 123 women (64.4%) and 68 men
(35.6%) between 19 and 61 years of age (mean 30.1 years).
Intraobserver agreement was excellent for all variables
and for both imaging methods, according to Cramer V co-
efficient (Observer 1: 0.904 for DPR and 0.964 for CBCT;
Observer 2: 0.946 for DPR and 0.962 for CBCT). Interob-
server agreement was moderate for the number of roots
on DPR images (0.632) and was excellent (0.888) for the
other variables, according to Cohen’s Kappa coefficient.
There was a significant difference in the number of
third molar tooth roots detected on DPR versus CBCT
images (p < 0.05; Table 1). There was a significant associ-
ation between darkening of the roots and interruption of
the white line on DPR images and the presence of con-
tact between the IMTM and the IAC on CBCT images
(p < 0.05). No significant association was found between
other variables on DPR images and the position of the
IAC-IMTM on CBCT images (p > 0.05; Table 2). There
was a significant association (p < 0.05) between type of
IMTM and the morphologic shape of the mandible on
CBCT images (Table 3). Angular IMTM were most often
found in patients with round and lingual extended mandi-
bles, while vertical IMTM were most often found in lin-
gual concave mandibles. The IAC was most often located
on the lingual side of the IMTM, and there was often con-
tact between the IMTM and the IAC. However, no statisti-
cally significant difference was found (p > 0.05) between
the position of the IAC-IMTM and the buccolingual rela-
tionship of the IAC-IMTM on CBCT images (Table 4).
Discussion
IAN injury is a serious complication during extraction of




The number of roots on CBCT
1 root 2 roots
1 root n 29 14
% 65.9% 31.8%
2 roots n 2 223
% 0.8% 88.1%
3 roots n 0 0
% 0.0% 0.0%
Total n 31 237
% 10.4% 79.5%
DPR: Digital panoramic radiography.
CBCT: Cone-beam computed tomography.
*Statistically significant difference p < 0.05.surgeon’s experience, age and sex of the patient, opera-
tive tissue damage, postoperative edema and surgical
procedures [10]. It has been reported that the most im-
portant factor for IAN injury is the anatomical relation-
ship between the impacted third molar and the IAC
[13,14]. However, other authors have emphasized that
multiple factors, including surgeon’s experience, surgical
technique, institutional setting, and anatomical and
radiographic factors are associated with an increased risk
of IAC damage [8,15].
Accurate preoperative evaluation is necessary for suc-
cessful surgery because the oral surgeon must know the
angle and/or type of impacted third molar to select a
suitable procedure and to prevent IAN injury and
perforation and fracture of the mandible [10]. Panoramic
radiography is a standard diagnostic tool for initial
assessment of the relationship between the IMTM and
the IAC. Because this method produces two-dimensional
images, it cannot provide information in axial, coronal
and sagittal planes [10]. CBCT is a more reliable im-
aging method in the preoperative assessment of man-
dibular third molars [10,15,17,19,21,24,27]. In this study,
the correlations between preoperative DPR and CBCT
findings and intra- and interobserver agreement were
investigated.
The number of mandibular third molar roots visible
on DPR versus CBCT images has been investigated in
relatively few studies [22,28]. These studies reported that
panoramic radiography has limited accuracy in deter-
mining the number of roots and that CBCT is more
reliable for this purpose [22,28]. In the present study,
intraobserver agreement was excellent for all variables
on both DPR and CBCT images, whereas interobserver
agreement was moderate for detection of number of
roots on DPR images. Also, there was a statistically sig-
nificant difference in number of roots detected on DPR
versus CBCT images. The results demonstrated that
DPR images were inadequate to detect multiple rootsnumber of roots











Table 2 Relationship of the variables between DPR and CBCT images
Variables for DPR images Total Chi-square P value
Variables for CBCT images Interruption in








Types of IMTM Type A n 41 8 8 40 5 102 10.4783 0.233
% 40.2 7.8 7.8 39.2 4.9 100.0
Type B n 32 5 11 20 2 70
% 45.71 7.14 15.71 28.57 2.86 100.00
Type C n 38 12 13 59 4 126
% 30.16 9.52 10.32 46.83 3.17 100.00
Total n 111 25 32 119 11 298
% 37.25 8.39 10.74 39.93 3.69 100.00
Buccolingual relationship
of IAC-IMTM
Buccal n 21 2 4 21 1 49 11.351 0.499
% 42.9 4.1 8.2 42.9 2.0 100.0%
Lingual n 68 16 22 80 9 195
% 34.9 8.2 11.3 41.0 4.6 100.0%
Interradicular n 5 0 1 7 0 13
% 38.5 0.0 7.7 53.8 0.0 100.0%
Inferior n 17 7 5 11 1 41
% 41.5 17.1 12.2 26.8 2.4 100.0%
Total n 111 25 32 119 11 298
% 37.2 8.4 10.7 39.9 3.7 100.0%
Position of IAC-IMTM Contact n 61 23 27 101 1 213 54.113 0.000*
% 28.6 10.8 12.7 47.4 0.5 100.0%
No contact n 50 2 5 18 10 85
% 58.8 2.4 5.9 21.2 11.8 100.0%
Total n 111 25 32 119 11 298
% 37.2 8.4 10.7 39.9 3.7 100.0%
Mandible shape Type 1 n 46 13 15 62 1 137 13.720 0.089
% 33.6 9.5 10.9 45.3 0.7 100.0%
Type 2 n 13 1 4 5 1 24
% 54.2 4.2 16.7 20.8 4.2 100.0%
Type 3 n 52 11 13 52 9 137
% 38.0 8.0 9.5 38.0 6.6 100.0%
Total n 111 25 32 119 11 298
% 37.2 8.4 10.7 39.9 3.7 100.0%
DPR: Digital panoramic radiography.
CBCT: Cone-beam computed tomography.
IAC: Inferior alveolar canal.
IMTM: Impacted mandibular third molar.
*Statistically significant difference p < 0.05.
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studies [22,28].
Several studies have reported that the risk of IAN
injury increases when specific findings are observed on
panoramic images taken to determine the relationship
between third molars and the IAC [4,24,29-33]. These
findings include darkening of the roots and interruptionof the white line of the IAC [24,29-35]. Eyrich et al.
reported that narrowing of the IAC increased the risk of
IAN impairment [8]. The probability of contact between
third molar roots and the IAC was higher in cases with
the abovementioned signs on panoramic images [24,29-36].
Gomes et al. reported no statistically significant association
between the presence of panoramic radiographic signs and
Table 3 Relationship between type of IMTM and morphologic shape of the mandible on CBCT images
Shape of the mandible Types of IMTM Chi-square P value
Vertical Horizontal Angular Total
Round n 35 34 68 137
11.061 0.026*
% 25.5% 24.8% 49.6% 100.0%
Lingual extended n 7 7 10 24
% 29.2% 29.2% 41.7% 100.0%
Lingual concave n 60 29 48 137
% 43.8% 21.2% 35.0% 100.0%
Total n 102 70 126 298
% 34.2% 23.5% 42.3% 100.0%
*Statistically significant difference p < 0.05.
IMTM: Impacted mandibular third molar.
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Ghaeminia et al. found that there was a significant associ-
ation between panoramic radiographic signs and IAN
exposure [36], a finding that has been supported by several
authors [24,27,35,36]. These authors agreed that CBCT is
useful for the assessment of IMTM in the buccolingual
direction. In the present study, contact between the
third molar roots and the IAC was most often detected
on CBCT images in cases with interruption of the
white line of the IAC and darkening of the roots on
DPR images, a finding in agreement with several previ-
ous studies [12,24,27,29-32,34].
Oral surgeons must know the type and/or angle of the
impacted third molar before surgery to prevent perforation
and fracture of the mandible, and to select appropriate
operation procedures [34]. Previous studies have classified
the IMTM as vertical, horizontal or angular, based on its
orientation to the mandible [21,32]. Tantanapornkul et al.
reported that the horizontal type was the most frequent
(52%), followed by angular (32%) and vertical (16%)
[32]. Momin et al. reported similar results, with 42%
horizontal, 37% angular and 21% vertical [21]. Msagati
et al. and Syed et al. found that the mesioangular type was
the most common (76% in Msagati’s study and 50.75% in






Contact n 32 144 12
% 15.0% 67.6% 5.6%
No contact n 17 51 1
% 20.0% 60.0% 1.2%
Total n 49 195 13
% 16.4% 65.4% 4.4%
IAC: Inferior alveolar canal.
IMTM: Impacted mandibular third molar.angulated (40.2%) and vertical (29%) were the most com-
mon types [19]. In the present study, the most frequent
type was found to be angular (42.28%), followed by
vertical (34.24%) and horizontal (23.48%). This finding
was in agreement with the results of Lübbers et al.
[19]. Differences between studies may arise from
different study samples.
The shape of the mandible is an important factor in
determining the use of elevators during surgery to avoid
direct or indirect pressure on the IAN and perforation
or fracture of the bone [21,39]. Two-dimensional images
cannot provide information about bone morphology.
Preoperative palpation of the related region and 3D im-
aging are necessary to determine the shape of the man-
dible [39-41] and to provide important information for
the oral surgeon during elevation. The shape of the pos-
terior mandible has been described in the literature by
different classifications for various purposes. The poster-
ior mandible has been categorized as convex, parallel or
undercut for implant placement [39-41]. Watanabe et al.
classified the mandible as round, lingual concave or buc-
cal concave, and reported that the round shape (61%)
was the most common [39]. In contrast, Lin et al. found
that the least common type was round (21%) in the
posterior mandible [41]. Momin et al. classified thend the buccolingual position of the IAC-IMTM on CBCT
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to assess bone morphology in the third molar region for
preoperative planning. They reported that the round
shape (49%) was the most common, followed by lin-
gual concave (32%) and lingual extended (18%) [21].
The authors also investigated the correlation between
impaction type and mandibular shape and reported
that there was no significant association between these
variables. In this study, mandibular shape was classi-
fied into three types: round, lingual extended and lin-
gual concave. The prevalence of round and lingual
concave types was equal (approximately 46%) and the
lingual extended was least common (approximately
8%). This finding is in agreement with the results of
Momin et al. [21]. Different mandibular shape preva-
lence in different studies can arise from racial features.
There was a significant difference in impaction type
according to mandible shape in this study, in contrast
to the findings of Momin et al. [21].
Surgeon’s knowledge about the location of the IAN is
very important in the preoperative evaluation of im-
pacted third molars to direct the elevator and luxate the
involved tooth. IAN injuries commonly occur during
third molar removal because of compression and trac-
tion on the nerve through movements of the tooth roots
[6]. IAN injury may occur during elevation of mesioan-
gular impacted third molars because the roots may move
downward and may compress the nerve [23]. Also, move-
ments of the third molar root in the buccolingual direc-
tion can cause compression of the IAN. The surgical
approach is generally started on the buccal side of the im-
pacted third molar in cases in which the surgeon lacks
information about the buccolingual course of the IAN
before surgery. However, the IAN may experience un-
desirable forces if it is positioned lingually, and IAN injury
has been reported in such cases [17,23]. CBCT images
allow the clinician to perform comprehensive treatment
planning and surgical method selection during preopera-
tive assessment [23]. Previous studies have reported that
the IAC is most frequently positioned on the lingual side
of impacted third molars and that contact between the
IAC and the impacted teeth was generally observed in
those cases [10,17,23,34]. In the present study, the IAC
was most frequently located on the lingual side of the
IMTM and they were commonly in contact.
Conclusions
This study revealed that the number of roots cannot be
determined accurately on panoramic radiography im-
ages. CBCT is useful to detect multiple roots of IMTM.
When darkening of the roots and interruption of the
white line were observed on panoramic images, the prob-
ability of contact between the IMTM and the IAC in-
creased. CBCT is required in these cases. These findingsare in agreement with previous studies. A significant asso-
ciation was found between mandible shape and third
molar impaction type in this study, a finding that differs
from previous studies. Further studies are necessary to de-
termine the association between mandible shape and type
of impaction for mandibular third molars. Conclusion:
CBCT is required in the preoperative assessment of
IMTM when darkening of the roots and interruption of
the white line are observed on panoramic images.
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